Gastroesophageal reflux is a common condition affecting many patients in different parts of the world. It usually presents with the classic manifestations of heartburn and regurgitation; however, in some it can also present with extraesophageal manifestations such as chronic cough, laryngitis, asthma or chest pain. Commonly employed diagnostic tests such as esophagogastroduodenoscopy and ambulatory pH or impedance monitoring in gastroesophageal reflux, are less useful in extraesophageal syndromes due to their poor sensitivity and specificity. In contrast, empiric trials of PPI's are shown to be cost effective; however, patients may require long-term treatment to establish effectiveness. Diagnostic testing with pH and impedance monitoring are commonly reserved for patients with partial or poor response to the initial treatment with PPI's. Poor response to PPI therapy may be an important indicator for non-gastroesophageal reflux causes for patients' symptoms and should initiate a search for other potential causes.
Introduction

Figure 1
Extraesophageal reflux disease (EERD) represents a wide spectrum of manifestations mainly related with the upper and the lower respiratory system such as laryngitis, asthma, chronic obstructive pulmonary disease, cough, hoarseness, postnasal drip disease-sinusitis, otitis media, recurrent pneumonia and laryngeal cancer. Non-cardiac chest pain is commonly grouped among the esophageal syndromes by the Montreal Classification [1] ( fig. 1 ), but is not one of the common symptoms of typical gastroesophageal reflux (GER) which are heartburn and regurgitation [2] . The diagnosis and recommendations on initial empiric therapy for patients with suspected reflux related non-cardiac chest pain is similar to those of extraesophageal reflux which is why it is included in this chapter. GER contributes to extraesophageal syndromes by two mechanisms: direct (aspiration) or indirect (vagally-mediated) mechanisms [1, [3] [4] [5] [6] . Reflux of gastroduodenal contents into the esophagus and hypophayrnx may be classified as either "high" or "distal" [7] . The pathogenesis of "high" esophageal reflux involves reflux that traverses the esophagus and induces cough either by direct pharyngeal or laryngeal stimulation or aspiration and causes a tracheal or bronchial cough response. In "distal" esophageal reflux, cough can be produced by a vagally-mediated trachealbronchial reflex [7, 8] . Embryologic studies show that esophagus and bronchial tree share a common embryologic origin and neural innervation via the vagus nerve. Pressure gradient changes between the abdominal and thoracic cavities during the act of coughing, may lead to a cycle of cough and reflux [8, 9] . A disturbance in any of the normal protective mechanisms such as disruption of the mechanical barrier for reflux (lower esophageal sphincter) or esophageal dysmotility may allow direct contact of noxious gastroduodenal contents with the larynx or the airway [10, 11] . In this article we will discuss the latest knowledge of the association between extraesophageal manifestations of GER such as chronic cough, laryngitis and asthma as well as non-cardiac chest pain of esophageal origin. We will discuss the current recommendations on diagnosis and treatment options for this difficult group of patients.
Reflux related cough
Chronic cough, defined as cough >8 weeks duration, is a common condition evaluated by physicians in the U.S. [12, 13] . In non-smoking patients with normal chest Xrays, who are not taking angiotensin converting enzyme (ACE) inhibitors, the most common causes of cough include postnasal drip syndrome (PNDS), asthma, gastroesophageal reflux and chronic bronchitis, and these four conditions may account for up to 90% of cases of chronic cough [14] (fig. 2) . Poe et al. found that GER alone accounted for cough in 13% of their study population, while in 56% of patients, it was a contributing factor to persistence of cough [8] . Evaluation of chronic cough generally begins with the diagnostic protocol developed by Irwin et al. [15] . This protocol evaluates the chronic cough patients who have normal chest X-rays and are not taking ACE inhibitors, for the three most common causes of cough: postnasal drip syndrome (PNDS), asthma, and GER. Once PNDS and asthma have been excluded, patients can then undergo evaluation for GER. It is important to recognise that chronic cough can occur by at least two mechanisms: 1) direct reflux of gastroduodenal contents in which case laryngitis may be evident by laryngeal evaluation. In this case patients may be diagnosed with laryngopharyngeal reflux (LPR) and appropriately treated. 2) Chronic cough may also occur indirectly via vagal mechanisms in which case laryngeal irritation may not be evident. The diagnosis of GER associated chronic cough may be challenging, as many patients do not always exhibit typical reflux symptoms. It is estimated that up to 75% of patients with GER-associated cough do not display classic symptoms of reflux (i.e., heartburn and regurgitation) [4, 16] . Everett et al. found that only 63% of cough patients studied displayed the classic symptoms of reflux [17] . Patients with GER-associated cough may describe a cough that occurs primarily during the day, in the upright position, during phonation, when rising from bed or cough associated with eating. The process is further complicated by the fact that there is no diagnostic test that is definitive in identifying GER as a cause of chronic cough. Esophagogastroduodenoscopy (EGD) and 24-hour esophageal pH monitoring have some inherent problems when employed to evaluate reflux as a cause of chronic cough. EGD is used to evaluate the presence of esophagitis and other mucosal abnormalities such as Barrett's esophagus in suspected patients with GER. The difficulty in using this test as a diagnostic tool in reflux-associated cough is that there is often poor correlation between findings of esophagitis and patients' cough. For example, Baldi et al. evaluated 45 patients suffering from chronic cough with EGD [14] . 55% of their study group complained of classic reflux symptoms; however, only 15% of the study population had endoscopy-proven esophagitis. Thus, there is low sensitivity for EGD in establishing a link between chronic cough and esophageal findings. Most patients with chronic cough will have normal endoscopy findings. 24-h esophageal pH monitoring has 90% sensitivity in diagnosing abnormal esophageal acid exposure in patients with GER; however, it has limitations in patients with chronic cough, and is shown to have specificity as low as 66% in this population [7, 9, [18] [19] [20] [21] . One important utility of pH monitoring in chronic cough may be the ability to correlate esophageal reflux episodes with cough symptoms by employing the two most commonly used indices; symptom index (SI) or symptom association probability (SAP). However, a recent study by Slaughter et all concluded that both SI and SAP indices can be over-interpreted and are prone to mis-interpretation. They suggested that unless patients with GER refractory to PPI therapy have high rates of esophageal acid exposure both SI and SAP indices are essentially chance occurrences at best [22] . Baldi et al. employed 24-h pH monitoring in their study evaluating patients with reflux-associated chronic cough [14] . They found 53% of the patients had pathological reflux; however, when compared with other, less invasive tests, such as treatment with proton pump inhibitors, esophageal pH monitoring was felt to have a low diagnostic gain. This is supported in a study by Ours et al. which found that pH monitoring was not a "reliable predictor of acid refluxinduced chronic cough" because only 35% of patients in their study population with abnormal pH-metry responded to PPI therapy [12] . The authors concluded that the cost-effectiveness of using empiric PPI treatment for GER-associated cough was superior to other diagnostic modalities such 24-h pH monitoring [12, 18] . The use of empiric therapy of PPI's to both diagnose and treat GER-associated chronic cough has also been studied by Poe et al. who were able to diagnose 79% of patients with cough secondary to GER with resolution of symptoms after empiric trial of PPI therapy [8] . Most experts recommend twice daily initial dosing for PPI use in chronic cough. However, a recent study by Baldi et al. suggested that once daily PPI therapy may be similar to twice daily therapy. They evaluated chronic cough patients who were treated with a 4-week open-label course of 30 mg lansoprazole bid and monitored for response [14] . Patients whose symptoms responded were then treated with either 30 mg lansoprazole once a day or 30 mg lansoprazole twice a day for 12 weeks. Results found no significant difference in symptom improvement between the two dosing regimens. Only 23% of patients who did not respond after the initial 4weeks of therapy obtained complete symptom relief. This study suggests that patients who are likely to achieve complete response are the ones with their symptoms being improved in a short period of time [14] . Additionally, we recently showed that the response to surgical intervention of patients with chronic cough may be depend-ent on concomitant baseline presence of typical symptoms of GERD (heartburn and regurgitation) [23] .
In conclusion, the evaluation of chronic cough should begin with evaluation for other causes of chronic cough such as PNDS and asthma in patients having normal chest Xrays and no history of using ACE inhibitors. After these have been ruled out, an empiric trial of acid suppression with bid PPI therapy for 12-16 weeks will likely identify and treat the majority of patients with reflux-associated chronic cough. Those who remain unresponsive may have other tests to exclude large mechanical defect such as hiatal hernia causing volume regurgitation or evaluation for other lung related issues.
Reflux related laryngitis
GER is implicated as an important cause of laryngeal inflammation [24] . Common reported symptoms of this condition, also termed laryngopharyngeal reflux (LPR) by the ENT physicians, include hoarseness, throat pain, sensation of a lump in the throat, cough, repetitive throat clearing, excessive phlegm, difficulty swallowing, pain with swallowing, heartburn, and voice fatigue (table 1). These symptoms are nonspecific and can also be seen in patients with postnasal drip, and environmental exposures to allergens, or other irritants such as smoke [25] . However, reflux is often implicated in many patients given chronicity of symptoms and laryngeal findings of erythema and edema. The most common laryngeal signs associated with LPR are listed in tables 2. 24 hour pH monitoring and laryngoscopy are the two common tests for the diagnosis of reflux associated laryngeal symptoms. Intraluminal impedance combined with pH testing is also recently employed in evaluation of this group of patients. The role of pH or impedance monitoring in establishing a relationship between gastroesophageal reflux and laryngopharyngeal reflux is still less than clear, and its application in the diagnosis of reflux laryngitis may not be as useful as once thought [24] . A recent review of studies evaluating pharyngeal reflux in healthy volunteers demonstrated that anywhere from 19% to 43% of normal people can be expected to have pharyngeal reflux events by hypopharyngeal pH monitoring [26] . There was no difference in the prevalence of pharyngeal reflux events in symptomatic patients versus normal volunteers. Intraluminal impedance testing is an ambulatory method used for detecting nonacid reflux, especially in those who continued to have symptoms despite PPI therapy. This test detects reflux events based on changes in resistance to electrical current flow between electrodes on the catheter placed in the esophagus. Outcome studies with this device are lacking and the clinical relevance of impedance findings in LPR patients who continue to have symptoms despite PPI therapy still remains uncertain. We recommend the use of pH monitoring off PPI therapy to provide baseline esophageal reflux parameters. Impedance monitoring must be conducted on PPI therapy and should be reserved for those who continue to have symptoms despite acid suppressive therapy. In the setting of moderate to severe baseline acid reflux off therapy and continued non-acid reflux on PPI therapy antireflux surgery may be entertained but with caution.
Laryngoscopy is one of the most common tests used to diagnose GER-related laryngitis; however, its specificity is not promising. The initial correlation between GER and laryngitis was established in the 1960's, and involved laryngoscopy to visualise vocal cord ulcerations in the larynx in symptomatic patients with GER [27, 28] . Since that time other signs of laryngeal irritation, such as posterior cricoid erythema, vocal cord erythema/edema, and arytenoid erythema/edema have been used to diagnose and subsequently treat patient with GER-associated laryngitis [10] (table 2). However, due to the non-specific nature of the laryngeal signs for LPR, the utility of laryngoscopy in detecting GER-associated laryngitis, though common, remains uncertain [29, 30] . Milstein et al. who evaluated 52 non-smoker volunteers with no history of ENT abnormalities or GERD highlighted the non-specific nature of laryngeal evaluation. This group underwent both rigid and flexible video laryngoscopy. The authors found that in this asymptomatic normal population there was at least one sign of tissue irritation in 93% of flexible and 83% of rigid laryngoscopic evaluation. Additionally, the findings were dependent on the technique. Laryngeal signs were more commonly reported on flexible transnasal laryngoscopy than with the rigid transoral examination [30] . The high prevalence of laryngeal irritation in normal volunteers combined with the variability of the diagnosis based on methods employed highlights the uncertainty associated with laryngeal signs in LPR. In 2007, Vavricka et al. evaluated the prevalence of specific laryngopharyngeal changes associated with GER in patients with known reflux disease (n = 132) versus normal subjects (n = 132) [31] . Ten specific hypopharyngeal and laryngeal sites were evaluated; including posterior pharyngeal wall, interarytenoid bar, posterior commissure, posterior cricoid wall, arytenoids complex, true vocal fords, false vocal cords, anterior commissure, epiglottis and aryepiglottic fold. Investigators found that the prevalence of laryngeal lesions once thought GER-related, was the same in both groups. Only posterior pharyngeal wall abnormalities including erythema, edema, and cobblestoning, showed a statistically significant higher prevalence in GER patients as compared to the control group. However, given the high level of variability in diagnosing subjective signs such as erythema and edema in the larynx it is not unusual that LPR is often over diagnosed in those with chronic throat symptoms. Proton pump inhibitor therapy is also the standard of care if GER is suspected as the etiology for patients' chronic throat symptoms. However, the most recent large scale multi center study of 145 patients suspected of having LPR did not show a benefit in those treated for 4months with esomeprazole 40 mg BID compared to placebo for a duration of 16 weeks [32] . The disappointing negative findings from this study and other controlled trials in LPR stems from the dilution effect of patients enrolled in these trials. Given lack of a gold standard diagnosis for GER in patients with LPR, many patients may not have had the disease for which they were being randomised. Otolaryngologists usually suspect GER-related laryngitis based on symptoms such as throat clearing, cough, and globus and signs such as laryngeal edema and erythema; which as previously eluted
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Swiss Med Wkly. 2012;142:w13544 to as non-specific for reflux. The group of patients who are unresponsive to PPI therapy have either non-reflux related causes or may have functional component to their symptoms. The placebo response rate of around 40% in LPR studies seem similar to the ones in functional gastrointestinal disorders such as irritable bowel syndrome [33] . Thus, suspected LPR patients without warning symptoms or signs should initially be treated with empiric PPI therapy for a duration of one to two months. If symptoms improve the therapy may need to be prolonged up to 6 months to allow healing of laryngeal tissue after which the dose should be tapered to minimal acid suppression resulting in continued response. In unresponsive patients testing with impedance and/or pH monitoring on therapy may be the best alternative to rule out reflux as the cause and to move forward with considering other causes for patients' continued symptoms.
Reflux related asthma
Asthma has a strong correlation with GER and the conditions seem to induce the other. GER can induce asthma by the vagally-mediated or microaspiration mechanisms described above. Asthma can induce reflux by several mechanisms. An asthma exacerbation results in negative intrathoracic pressure, which may cause reflux and the medications used to treat asthma (theophylline, beta-agonists, steroids) can reduce the lower esophageal sphincter. Patients with asthma whose symptoms are worse after meals, or those who do not respond to traditional asthma medications should be suspected of having GER. Patients who have heartburn and regurgitation before the onset of asthma symptoms may also be suspected of having reflux induced asthma symptoms. There is an established association between asthma and gastroesophageal reflux based on both epidemiologic studies as well as physiologic testing with ambulatory 24-hour pH monitoring [34, 35] . In a study evaluating the preval- Table 1 : Symptoms attributed to laryngopharyngeal reflux. Posterior glottic stenosi ence of GER in asthma patients, Kiljander et al. found that 35% of GER related patients did not express the typical reflux symptoms, but were found to have abnormal esophageal acid exposure by pH monitoring [34] . Similarly, Leggett et al conducted a study assessing GER in patients with difficult to control asthma using 24-hour ambulatory pH probes with both distal (5 cm above the lower esophageal sphincter) and proximal (15 cm above the lower probe) probes [36] . They reported an overall prevalence of reflux at the distal probe to be 55%, and that in the proximal probe to be 35% [36] . Thus, reflux is a common occurrence in patients with asthma. There is controversy regarding the benefit of PPI use in patients suspected of having reflux-induced asthma. Studies have employed different endpoints regarding efficacy of acid suppressive therapy in this group. Some employ objective measurements such as improvement in FEV 1 while others rely on patient reported questionnaires or decreasing need for asthma medications. Early trials reported improvements in pulmonary symptoms and pulmonary function in patients treated with acid suppressive therapy [37] . In 1994, Meier et al. conducted a double-blind, placebocontrolled crossover study which evaluated pulmonary function of asthma patients treated with 20 mg of omeprazole twice a day for six weeks. This study found that 27% (4 of 15) patients with reflux had a > or = to 20% increase in FEV 1 [38] . In another study, Sontag et al. [37] evaluated 62 patients with both GER and asthma and divided the group into three treatment arms: control, treatment of reflux with ranitidine 150 mg three times a day, or surgical treatment with Nissen fundoplication. After a two year follow up 75% of surgical patients had improvement in nocturnal asthma exacerbations, compared to 9.1% and 4.2% of patients on medical therapy and controls, respectively. Additionally, there was a statistically significant improvement in mean asthma symptom score, but no improvement in pulmonary function or reduction in the need for medication between the groups. Littner et al followed 207 patients with symptomatic reflux, who were treated with either placebo or a proton pump inhibitor twice a day for 24 weeks. The primary outcome of the study was daily asthma symptoms by patient diary, and secondary outcomes included the need for rescue albuterol inhaler use, pulmonary function, asthma quality of life, investigator assessed asthma symptoms and asthma exacerbations. The study showed that medical treatment of reflux did not reduce daily asthma symptoms or albuterol use and did not improve pulmonary function in this group of asthmatic patients [39] . Similarly, a recent study conducted by the American Lung Association Asthma Clinical Research Center [40] randomised 412 patients with poor asthma control to either esomeprazole 40 mg twice daily or placebo. After 24 weeks of follow up, the study found no treatment benefit to PPI therapy in asthma control. A Cochrane review of GER treatment for patients with asthma found only minimal improvement of asthma symptoms with reflux therapy [41] . Encouragingly, a recent controlled trial in asthmatics suggested therapeutic benefit with PPIs in the sub-group of asthmatics with both nocturnal respiratory and GER symptoms [42] . Thus, the issue of asthma control Review article Swiss Med Wkly. 2012; 142:w13544 by treating reflux in patients who have asthma is not yet clear. Therefore, the current recommendation in patients with asthma (with or without concomitant heartburn or regurgitation) is similar to those in patients with chronic cough and laryngitis, suggesting the initial empiric trial of twice daily PPI's for 2-3 months. In those responsive to therapy for both heartburn and/or asthma symptoms, PPI's should be tapered to the minimal dose necessary to control symptoms. In unresponsive patients, testing for reflux, by pH testing and/or impedance-pH monitoring may be needed to measure for continued reflux of acid or non-acid material, which could still be responsible for patients' asthma exacerbation.
Reflux related non-cardiac chest pain
Non-cardiac chest pain is defined as recurring angina-like retrosternal chest pain in patients with negative cardiac evaluation [43, 44] . GER is recognised as the most common underlying cause of non-cardiac chest pain [43] . The diagnosis of esophageal related non-cardiac chest pain is often difficult. Clinically, cardiac chest pain and chest pain of esophageal origin often share a similar presentation. The pain of both may be similar in description (often described as burning, pressure-like, substernal or occurring with exercise) and may be improved with similar treatments (i.e., nitroglycerin) [43] . Pain that is post-prandial, continues for hours, is retrosternal without radiation, relieved with antacids, and pain that disturbs sleep makes the diagnosis of GER related chest pain more likely [45] . However, by definition non-cardiac chest pain implies that cardiac causes for patients have been ruled out. Direct contact of the esophageal mucosa with gastroduodenal agents such as acid and pepsin, leading to vagal stimulation is the most likely cause of these symptoms [46, 47] . Esophageal motility disorders such as nutcracker esophagus or diffuse esophageal spasm can also cause non-cardiac chest pain. Thus, in patients with non-cardiac chest pain where GER is treated and patients continue to have symptoms, esophageal motility testing would be the next step in order to rule out motility disorders. The differentiation of angina and non-cardiac chest pain can be difficult, as GER and coronary artery disease (CAD) often co-exist. Reflux can be worsened with exercise and can cause non-cardiac chest pain. Medications such as nitroglycerin and calcium channel blockers used to treat angina may also relieve symptoms caused by esophageal spasm. These medications can also relax the lower esophageal sphincter. Obviously, classic reflux symptoms such as heartburn and regurgitation, in the absence of cardiac disease, make the diagnosis more likely. In fact, these symptoms have been found to be present in up to 83% of patients with chest pain related to an esophageal disorder [48] . In a study by Locke et al. non-cardiac chest pain was reported in 37% of patients with frequent heartburn symptoms, compared to 7.9% of patients reporting no GER symptoms [45] . Because the most common cause of non-cardiac chest pain is gastroesophageal reflux disease, several diagnostic tests used to diagnose GER may be employed in the evaluation of this group of patients [49] . 24-hour ambulatory pH testing is insufficient to be considered a gold standard for the diagnosis of GERD-related non-cardiac chest pain [50] . Its use in determining causality between reflux and noncardiac chest pain, however, is not as straight-forward [35] . Ahmed and Vaezi, examining the role of pH monitoring in non-cardiac chest pain found the overall prevalence of reflux by pH monitoring in non-cardiac chest pain patients was 41% [35] . Lacime et al. in a study of GERD-related non-cardiac chest pain, found abnormal pH parameters in 43% of their patient population, but only 17% of chest pain events were associated with reflux episodes [51] . Overall, pH monitoring has the capability to detect gastroesophageal reflux, but may not establish a link between chest pain episodes and reflux events [35] . Early studies on the role of EGD in patients with noncaridac chest pain found that only 10% to 25% of these patients had endoscopic evidence of esophagitis [52, 53] . Bautista et al. found that only 9.9% of patients with noncardiac chest pain had evidence of mucosal erosions on endoscopy [54] . Dickman et al. compared endoscopic findings in patients with non-cardiac chest pain to the findings in patient with GER. 44.1% of patients in the non-cardiac chest pain group were found to have normal endoscopies, while 39% of the GER patients had a normal endoscopy. Overall, all GER-related mucosal findings were significantly less common in the non-cardiac chest pain group as compared to the GER group [55] . As in patients with extraesophageal reflux syndromes discussed above, there is limited role of EGD in patients with non-cardiac chest pain. Empiric trial with proton pump inhibitor therapy has emerged as the first-line diagnostic tool in the evaluation of non-cardiac chest pain once cardiac etiology is ruled out. Achem et al. studied 36 patients who received 20 mg twice a day of omeprazole in a double-blind, placebo controlled study and found that 81% of treated patients reported symptom improvement when compared to 6% of patients receiving treatment with placebo [56] . Pandek et al. conducted a prospective, double-blind, placebo-controlled crossover study using high dose omeprazole treating patients with NCCP and found that 95% of patients with proven GER (positive results in 24-hour pH monitoring and/or esophagitis on endoscopy) responded [57] . In a study empirically treating patients with unexplained chest pain with omeprazole, Fass et al. found the sensitivity and specificity of empiric omeprazole to be 78% and 86% respectively [58] . In keeping with these results, Ofman et al. found that empiric omeprazole (when compared with traditional diagnostic procedures) resulted in an cost savings of $454 dollars per patient [59] . Thus, in patients without warning symptoms (such as dysphagia, weight loss or anemia), an empiric course of PPIs, used until symptoms remit, and then tapered to the lowest dose of proton pump inhibitor controls symptoms, is reasonable. Diagnostic testing with ambulatory pH or impedance monitoring and esophageal motility testing is usually reserved for those who continue to be symptomatic despite initial empiric trial of PPI therapy. 
